The prevalence and incidence of Trypanosoma e ansi infections in village buffaloes in Central Java were estimated using parasitological tests, two antigen-detection ELISAs (2G6 Ag-ELISA and Tr7 Ag-ELISA), an antibody-detection ELISA (IgG ELISA) and a card agglutination test (CATT). Of 2387 village buffaloes tested in five districts, 4 % (95 % confidence interval [CI] : 3 %, 5 %) were positive with the microhaematocrit test (MHCT), 58 % (95 % CI : 56 %, 60 %) were positive with the 2G6 Ag-ELISA and 70 % (95 % CI : 68 %, 72 %) were positive with the Tr7 Ag-ELISA. An increasing prevalence with age was found and the proportion of positive buffaloes was highest in the over 84 months-old age-group (68 %) with the 2G6 Ag-ELISA and in the 37-60 months-old age-group (78 %) with the Tr7 Ag-ELISA. Parasitaemic buffaloes were found in more than half of the villages visited. Corrected village-specific prevalence values obtained with the two Ag-ELISAs ranged from 0 % to over 100 %, and prevalence differed significantly (P 0n0001) between villages in four of the five districts. Overall, 10 % of buffaloes tested in markets were found to be parasitaemic and 39, 56 and 47 % were found positive with the 2G6 Ag-ELISA, IgG ELISA and CATT, respectively. Incidence rates varied according to the test used and ranged from 0n22 (95 % CI : 0n09, 0n44) to 0n44 (95 % CI : 0n24, 0n76), per animal-year at risk, in two villages. The results highlight the importance of using validated diagnostic tests to obtain accurate estimates of prevalence and incidence. These parameters are needed, for example in mathematical models, for the development and evaluation of different control strategies for T. e ansi infections in buffaloes.
INTRODUCTION
Trypanosoma e ansi is a trypanosome which causes trypanosomosis (' surra ') in livestock in many countries of Southeast Asia, Africa and South America [1] . Patterns of disease vary from acute epidemics with high case-fatality rates [2] to sub-* Author for correspondence.
clinical and chronic disease in endemic animal populations [3, 4] . In Indonesia, national losses associated with trypanosomosis in buffaloes and cattle have been estimated to be US $22n4 million per year [5] , US $45\draught animal per year due to reduced work output [6] and US $9n14\beef animal [7] . Abortion [8] , anoestrus [9] and weight loss [10] have also been associated with T. e ansi infection. How-ever, total economic losses due to T. e ansi in livestock throughout Southeast Asia, where large numbers of buffaloes and cattle are at risk of infection, are not known. Accurate prevalence and incidence values are needed to quantify these losses [3, 11] , and to improve understanding of the occurrence of T. e ansi in buffalo populations.
Several studies in Indonesia have used standard parasitological techniques (blood smears, the microhaematocrit test [MHCT] and the mouse inoculation test [MI] ) to estimate the prevalence of T. e ansi infections in buffalo and cattle and reported prevalence values in the range 0-5n8 % and 1-5n7%, respectively [4, [12] [13] [14] . Parasitological tests are known to have a low diagnostic sensitivity, particularly for the detection of chronic trypanosomal infections which typically have low, fluctuating parasitaemias [15] ; and higher prevalence values of T. e ansi are found with antibody-detection tests. In one study, Payne and his colleagues [14] found 48 % of the buffaloes tested were positive with an antibodydetection enzyme-linked immunosorbent assay (ELISA), but only 5n8 % of the buffaloes were parasitologically positive. True prevalence values, therefore, are commonly underestimated in studies that use only parasitological tests. Moreover, surveys rarely use diagnostic tests that have been rigorously evaluated in terms of diagnostic sensitivity and specificity.
In addition to antibody-detection ELISAs, IgGspecific antibodies can also be detected using a card agglutination test (CATT) [16, 17] . However, serum antibodies are not detectable in early T. e ansi infections, and antibody responses can persist after chemotherapy [18] . To improve the detection of current infections, antigen-detection ELISAs (AgELISAs), which detect specific antigenic determinants of T. e ansi and other trypanosomes in the circulation, have been developed [19] [20] [21] . Ag-ELISAs have been used to monitor tsetse-transmitted trypanosomosis control programmes in Uganda [22] and Zanzibar [23] but, to date, T. e ansi Ag-ELISAs have not been used widely in Southeast Asia, where parasitological tests are still commonly used.
The main objective of this study was to estimate the prevalence and incidence of T. e ansi infections in village buffaloes in Central Java, Indonesia, using antigen-detection and antibody-detection tests, in addition to standard parasitological tests. Incidence rates for T. e ansi infections in buffaloes have not previously been reported and, in contrast to other studies, estimates of diagnostic sensitivity and specificity were used to calculate corrected estimates of true prevalence [24] .
METHODS

Study areas and buffaloes sampled
The study area comprised five districts of Central Java, which has a high population of buffaloes, and five visits were conducted to each district. Prevalence was estimated by sampling buffaloes in different villages ; incidence was estimated by re-sampling buffaloes in two villages. Buffaloes were also sampled at markets held weekly in each district to investigate the risk of T. e ansi being introduced into villages through buffalo movements.
Cross-sectional study
Five visits were conducted at 3-monthly intervals (May 1994 to May 1995) to the districts of Batang (A), Pekalongan (B), Pemalang (C), Tegal (D) and Brebes (E). Villages were coded alphanumerically by district. During each visit, a target of approx. 100 buffaloes per district (the maximum number that could practically be tested) was sampled in villages that were chosen for convenience by government veterinary officers.
Longitudinal study
For estimation of incidence rate, 103 buffaloes were initially tested to identify 50 test-negative buffaloes (the maximum number that could feasibly be resampled during each visit). To have sufficient numbers of buffaloes, it was necessary to include buffaloes in two villages : Kebumen (Village A1, 50 buffaloes) in Batang district and Gejlig (Village B1, 53 buffaloes) in Pekalongan district. The buffaloes were over 1 year old, and identified either by ear-tattoo numbers or by numbers painted on the horn. Forty-nine buffaloes that had no detectable parasitaemia and that were negative with the 2G6 Ag-ELISA or Tr7 Ag-ELISA were selected ; only 5 buffaloes were found to be negative with both Ag-ELISAs and 44 buffaloes were negative with one Ag-ELISA only.
Market study
Each market was visited once and the majority of buffaloes present were sampled (permission for sam-pling was not given for a few buffaloes). Buffaloes were sampled in Batang market (n l 30) in July 1995, and in Pekalongan (n l 65), Pemalang (n l 50), Tegal (n l 56) and Brebes (n l 38) markets in September 1995.
Sample collection and diagnostic tests
Jugular blood was collected from each buffalo into plain Vacutainers and Vacutainers containing potassium ethylene diaminetetraacetic acid (EDTA) anticoagulant (Becton Dickinson), and the samples were transported on ice in a thermally-insulated box. Whole-blood samples were examined on the day of collection, and sera were kept on ice for 7-10 days until return to the laboratory, and then stored at k20 mC (sera handled by this method have been shown to give comparable results to samples frozen within 24 h of sampling [25] ).
Standard MHCT and MI techniques [25] were used. All buffaloes were tested with the MHCT. One hundred white laboratory-bred mice were taken on each visit for MI tests. Each buffalo in the longitudinal study was tested by MI, and the remaining mice (n % 50) were used to test a random sample of buffaloes in the cross-sectional study. Every second market buffalo was tested by MI.
Sera were tested with the 2G6 Ag-ELISA, Tr7 Ag-ELISA and IgG ELISA, as described previously [26, 27] , and with the CATT (Institute of Tropical Medicine, Laboratory of Serology, Nationalstraat 155, B-2000 Antwerp, Belgium). ELISA optical density values were expressed as a percentage of the positive control of each assay (i.e. percent positivity (PP) values) and a cut-off value of 20 PP was used [25] . With the CATT, a sample was positive if agglutination was observed, as recommended by the supplier.
All buffaloes in the longitudinal study were tested with both Ag-ELISAs, the IgG ELISA and CATT. In the cross-sectional study, all buffaloes (n l 2387) were tested with the 2G6 Ag-ELISA, but only buffaloes sampled in Visits 1-3 (n l 1568), and none of the market buffaloes were tested with the Tr7 Ag-ELISA because insufficient reagents were available.
Data analysis
Cross-sectional study
Corrected estimates of true prevalence were calculated from test prevalence values [24] , using previouslyderived point estimates of diagnostic sensitivity and specificity of the 2G6 Ag-ELISA (71 %, 75 %, respectively), Tr7 Ag-ELISA (81 %, 78 %, respectively), IgG ELISA (89 %, 92 %, respectively) and CATT (78 %, 100 %, respectively) [25] . Ninety-five percent confidence intervals (CIs) for prevalence values were calculated using the Confidence Interval Analysis software (CIA ; # British Medical Journal, London) using either the exact binomial method or the Normal approximation method (when nP or n[1kP] 10, where n l sample size, and P l estimated proportion) for simple random samples [28] . For villages in which the animal sampling fraction exceeded 10 %, 95 % CIs were calculated using an adjustment for large sampling fractions, as described by Thrusfield [24] . Estimates of prevalence were compared between villages and between markets using χ# tests for 2i2 and 2ik tables with an adjustment for continuity [29] , and the linear association of age-specific prevalence values was assessed with the χ# test for trend [30] using the Epi Info software, version 6.03 [31] . Probability values ( P) less than 0n05 were interpreted as statistically significant.
Longitudinal study
A buffalo was classified as newly infected if found to be parasitaemic or positive with the CATT or if there was a twofold increase from the initial Ag-ELISA or IgG ELISA PP value. The 20 PP cut-off value was not used in the ELISAs because several buffaloes had values above 20 PP with one of the Ag-ELISAs at the start of the study. Incidence rates were calculated per animal-year at risk, where the number of test-positive buffaloes was divided by the number of months at risk, and multiplied by 12 [24] . Numerators were assumed to be Poisson variables [32] and 95 % confidence intervals, therefore, were taken from Poisson tables [33] .
RESULTS
Details of the number of villages and buffaloes, and the number of villages visited and buffaloes sampled per district, are given in Table 1 .
Cross-sectional study
Overall, 2387 village buffaloes were tested with the MHCT and 2G6 Ag-ELISA, 1568 buffaloes with the Tr7 Ag-ELISA and 360 buffaloes by MI. Buffaloes from 59 villages were sampled, representing 5n8% of villages reported to keep buffaloes in the five study districts. Overall, the proportion of village buffaloes that were found to be positive, with 95 % confidence intervals given in brackets, was 4 % (3 %, 5 %) with the MHCT, 9 % (6 %, 12 %) by MI, 58 % (56 %, 60 %) with the 2G6 Ag-ELISA and 70 % (68 %, 72 %) with the Tr7 Ag-ELISA.
Age-specific pre alence
Test (i.e. uncorrected) prevalence and corrected estimates of true prevalence obtained with the two Ag-ELISAs for buffaloes of different ages are given in Table 2 . A significant increase in prevalence with age was found with both Ag-ELISAs (P 0n05). By 7-12 months of age, 41 % of buffaloes were found to be positive with the 2G6 Ag-ELISA, and 48 % were positive with the Tr7 Ag-ELISA. The highest proportion of positive buffaloes was found in the over 84 months-old age group (68 %) with the 2G6 Ag-ELISA and in the 37-60 months-old age-group (78 %) with the Tr7 Ag-ELISA.
Village-specific pre alence
Corrected estimates of true prevalence obtained with the two Ag-ELISAs ranged from 0 % to above 100 % and are shown in Table 3 (possible reasons for the values above 100 % are given in the discussion). Small numbers of buffaloes from some villages in District D were included because groups consisting of buffaloes rented from different village were sampled on a sugar plantation. At least one buffalo was found to be parasitaemic in more than half of the villages, and, in many villages higher prevalence values were obtained with the Tr7 Ag-ELISA than with the 2G6 Ag-ELISA. There was significant inter-village variation in prevalence values obtained with the 2G6 Ag-ELISA in District A ( χ# l 52n30, 8 .., P 0n0001), District B (χ# l 33n73, 6 .., P 0n0001), District C ( χ# l 44n35, 7 .., P 0n0001), District D ( χ# l 87n48, 6 .., P 0n0001) and District E ( χ# l 6n36, 2 .., P l 0n042). With the Tr7 Ag- ELISA, village prevalence values differed significantly within District A ( χ# l 31n36, 8 .., P l 0n0001), District B ( χ# l 116n48, 6 .., P 0n0001), District D ( χ# l 71n27, 6 .., P 0n0001) and District E ( χ# l 17n65, 2 .., P l 0n0001), but not within District C ( χ# l 2n51, 7 .., P l 0n926).
Market study
Of the 239 buffaloes sampled in the five markets, 114 were female and 125 were male, with ages ranging from 9 months to 13 years. Overall, 10 % of these buffaloes were found to be parasitaemic, 39 % were positive with the 2G6 Ag-ELISA, 56 % were positive with the IgG ELISA, and 47 % were positive with the CATT (Table 4 ). There were significant differences between prevalence values obtained in different markets with the 2G6 Ag-ELISA ( χ# l 57n53, 4 .., P 0n0001) and with the IgG ELISA ( χ# l 30n51, 4
.., P 0n0001), but not with the parasitological tests ( χ# l 5n73, 4 .., P l 0n220) or with the CATT ( χ# l 5n38, 4 .., P l 0n251). In Markets A and C, a higher prevalence was found with the 2G6 Ag-ELISA than with either of the two antibody-detection tests.
Longitudinal study
The corrected prevalence values obtained with the 2G6 Ag-ELISA and Tr7 Ag-ELISA in the two villages of the longitudinal study were 104 % and 86 % (Village A1) and 46 % and 97 % (Village B1), respectively. All buffaloes in the longitudinal study, except one, were female and their ages ranged from 18 months to 12 years old. By the last visit, 9 (18 %) of the original 49 buffaloes had been sold. Of the 25 buffaloes that were found to be positive on at least one occasion, 16 buffaloes were positive with one test only : 3 buffaloes (MHCT\MI), 1 buffalo (2G6 Ag-ELISA), 4 buffaloes (Tr7 Ag-ELISA), 1 buffalo (IgG ELISA) and 7 buffaloes (CATT). Higher sample incidence rates were obtained with the Tr7 Ag-ELISA and CATT than with the other tests (Table 5) , however, the width of the associated 95 % confidence intervals indicates that these estimates are imprecise (due to small sample sizes).
DISCUSSION
Trypanosoma e ansi is reported to infect buffaloes and cattle throughout most of Indonesia [35] . Although the prevalence of T. e ansi in buffaloes has been estimated in some areas [4, [12] [13] [14] , inter-village variation has not been assessed, and tests with unknown diagnostic sensitivity and diagnostic specificity have been used. Buffaloes are kept in 70-95 % of villages in the study area of Central Java, and buffaloes from 42 villages in 5 districts were tested with the MHCT, MI and two Ag-ELISAs. Overall, more buffaloes were found positive with the two Ag-ELISAs (58 % and 70 %) than with the parasitological tests (4 % and 9 %). Previous studies in Indonesia that used parasitological tests also found prevalence values of less than 10 % [4, 13] , and one study found 5n8 % of buffaloes were MHCT-positive compared with 70 % positive with an IgG ELISA [14] . No accurate ' gold standard ' is currently available for the detection of T. e ansi infections [18] . However, the diagnostic sensitivity and diagnostic specificity of the two Ag-ELISAs used in this study had been estimated previously [25] , and therefore these parameter values were used to derive true prevalence values. An increasing prevalence with age was found with both Ag-ELISAs, but the peak proportion of positive buffaloes occurred earlier (37-60 months-old) with the Tr7 Ag-ELISA than with the 2G6 Ag-ELISA (over 84 months-old). The reason for this finding is not clear, but may be due to differences in the distribution of antigenaemia in infected buffaloes. The two Ag-ELISAs detect distinct antigenic determinants of T. e ansi and antigenaemias have been shown to fluctuate during different stages of infection [25] . Although self-cure in experimentally-infected animals has been reported [36, 37] , its occurrence in natural infections has not been demonstrated [1] . Therefore, these age-specific prevalence values are consistent with buffaloes remaining infected for many years (possibly with multiple re-infections) and surviving with chronic infections. This is the first time that T. e ansi Ag-ELISAs have been used in large-scale surveys in Southeast Asia. Previous studies used parasitological and\or antibody-detection tests and sampled livestock in a limited number of locations. At least one buffalo was found to be parasitaemic in more than half of the villages visited, indicating the potential for T. e ansi transmission within these buffalo populations. The role of aparasitaemic, antigenaemic buffaloes in transmission is not known, but cattle experimentally infected with T. brucei and that did not have a detectable parasitaemia, were infective to tsetse flies [38] . Corrected village-specific prevalence values ranged from 0 % to over 100 % with the Ag-ELISAs, and prevalence varied significantly (P 0n0001) between villages in 4 of the 5 districts. Many surveys depend on convenience sampling because of financial and practical limitations, and in this study villages with higher numbers of buffaloes and with cooperative farmers were more likely to be visited than other villages. The results suggest that the precision of results is affected by intra-village and inter-village variation in the proportions of buffaloes that are testpositive, and therefore that both sources of variation should be considered in future surveys [39] .
There are several possible reasons for the observed inter-village variation in T. e ansi prevalence. Increasing prevalence with age was found in this study and has been reported previously [4, 14] , and age is recognized as a confounder for trypanosomosis serology [40] . In most villages, buffaloes were adult females used for draught power, although in a few villages younger buffaloes were kept for fattening. Many factors, for example group size and potential contact with fly populations, may influence the transmission dynamics of T. e ansi. In the study area, farmers typically owned 1-5 buffaloes, as in other areas of Indonesia [41] , and while some buffaloes were kept in small traditional stalls, most were kept in groups of up to 100 which were grazed together and kept in communal animal houses (kandangs). Furthermore, for 1-6 months of the year, buffaloes were worked in rice fields where there is greater potential exposure to biting flies ; some buffaloes were sampled during this period. Tabanids are important vectors of T. e ansi [1] , and infection rates of Tabanid populations vary between villages [42] . Moreover, transmission efficiency differs between Tabanid species and other biting flies [43] . However, in Indonesia limited data are available on current fly populations and T. e ansi infections within these populations.
Differences were observed between the results obtained with the various diagnostic tests. In general, higher village-specific prevalence values were found with the Tr7 Ag-ELISA than with the 2G6 Ag-ELISA. True prevalence was underestimated by test prevalence at higher prevalence values, and overestimated at lower prevalence values. Correction of test prevalence values should, theoretically, eliminate differences between test prevalence values, if valid and precise estimates of the diagnostic sensitivity and diagnostic specificity of each test are used. The diagnostic sensitivity of these tests had been estimated previously using parasitaemic buffaloes living in Indonesia, and the diagnostic specificity had been estimated using buffaloes living in Australia where T. e ansi is not reported to occur [25] . If these populations were not fully representative of the village buffalo groups tested, then differences between the values obtained with these two tests would reflect an underlying imprecision of their test parameter values which would explain why some corrected values were outside the allowable range of 0-100 %.
A rapid turnover of buffaloes has been reported to occur in West Java [44] where buffaloes are kept principally for fattening and as a financial investment. By contrast, buffaloes tend to be kept longer in Central Java where they are used primarily for draught power. During the study, farmers reported that sick buffaloes are sold quickly and at a reduced price to minimize the risk of substantial financial loss if a buffalo dies, a practice which also occurs in West Java [44] . Buffalo movements are likely to be important in the spread of different strains of T. e ansi [6] and 10 % of the buffaloes in the markets visited were found to be parasitaemic and 39 % were antigenaemic. An outbreak of trypanosomosis on Madura Island was attributed to the movement from Java of T. e ansi-infected horses which were sold through markets [45] . The majority of market buffaloes tested were older buffaloes, which are more likely to have T. e ansi infections, and there was significant inter-market variation in prevalence. In two markets, more buffaloes were antigenaemic than antibody-positive which is indicative of recent infections.
Incidence rates have not previously been reported for T. e ansi infections in buffaloes, and rarely for other trypanosomal infections. Overall, incidence rates ranged from 0n22 (0n09, 0n44) to 0n44 (0n24, 0n76), per animal-year at risk, and higher rates were obtained with the Tr7 Ag-ELISA and CATT than with the parasitological tests, 2G6 Ag-ELISA or IgG ELISA. However, the estimates were imprecise due to small sample sizes and, unlike prevalence values, these rates were not corrected to account for the diagnostic sensitivity and specificity of the tests. Furthermore, it was difficult to identify buffaloes that were not antigenaemic because of the high prevalence of T. e ansi in the study areas. Within these limitations, the results suggest that, if infection is independent of age and persists then buffaloes in these villages were likely to become infected, on average, within approximately 4 years (i.e. equivalent to 0n25 per animal-year at risk, assuming constant risk). A study of 45 Australian buffaloes that were imported into Java found that 31 % of the buffaloes were parasitaemic, and 25 % were positive with an IgG ELISA by 13 weeks after importation [14] .
This study estimated the prevalence and incidence of T. e ansi infections in village buffaloes in five districts of Central Java. Further studies are needed to provide additional data for other areas of Indonesia and elsewhere in Southeast Asia which, together with the values obtained in this study, could be used in mathematical models being developed for the design of cost-effective control strategies.
